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CERTAIN HECHAWICAL STHENGTI PROPERTIZS OF
ALUNINUN ALLOYS 255--T7 AND X785-T

By Thomas J. Dolan
SUNMARY

Tests have been made to determine certain mechanical
strength properties of 255-T sluminum alloy. Results nre
presented from static tests in tengion and torsion, bend—
ing fatigue tests employing three different types of
testing machines, and from impact tests of noteched and
unnotched svpecimens in tension as well as from Charpy im-
pact tests made at several low temperatures,. Infermation
is dncluded on the effects produced by repeated under—
stressing and Dy anodizing, and a comparison is made of
the.strength »roperties of 255—T alloy with Anta previcus—
ly reported Tor the X785-~T alloy. ~(See reference 1.) -

The results indicate that:

(a) The fatigue strength or maximun alternating
stress that could be endured for = given number of cveles
by notched specimens of these alloys, deerensed markedly
s the mezn stress in the cycle was increased in tension.

4‘\" . ) . ’ - E . - . B ‘. ‘,

(b),ThoAfatlgue strength of notched: 265—T Sspecimens
was grenter than that of the X76S—T svecimens when the .
mean siress was atensile stress, :

(ec) The fatigue strength of both nlloys was greatly
decrcased by %bhe presence of a notch in the specimens.

(a) & large number of cycles of understress produced
no great or consistent change in the final fatigue strengith
of these two alioys.. : o

(e¢) Anodizing produced a slight increase in fatisue
strengtih of X765-7 alloy, but did not affect the endurance
linit of the 255-T alloy. : o
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INTRODUCT ION .

Phe principal stresses developed in ar airplane »ro- )
peller Dlnde in service arise from two causes, nanely:

(2) A steady stress due to the centrifugal loading
developed when rotating

(b) Alternating stresses produced by flexural vibra—
tions of the bdlade

For a typical aluminum blade these steady stresses may bDe
as much as 12,000 pounds per square inch and superimposed
alternoting stresses have been found as high as 20,000
pounds - -per sguare inch.

The face side of the blade is frequently scratched
or nicked in service, producing notches that act as
"stress raisers."™ These notches in the polished surface
are the points from which fatigue fallures of the Dblade )
may develon. Hence for design purposes it is necessary ‘
to know what maxinum alternating stresses may e super—
imposed oh either tensile or compressive mean stresses
of various magnitudes without causing fallure of the )
notched member. It is also very desirabdle to know what
influence the repetition of a large number of cycles of
understress (stress belocw the endurance 1imit) will have
in raising or lowering the endurance limilt of the metal
in a propeller blade. This information is of importance
in deternining whether the service stresses normally en—
countered in flight would eventually damage the material,
and in interpreting the results of laboratory tests of
full size blades in which the vibratory stressses are in-—
creased by smzall increments after definite time intervals
until failure occurs.

The main purpose of the investigation herein reported
was to determine the flexural fatigue strengths of notched
specimens of an aluminum alloy, designated as 265-T, when
subjected to six different ranges of Stress, and to com—
paré these values with the Tatigue strengths of polished
(unroteched) specimens without abdbrupt change in section.

To give rather complete information on the mechanical -
proverties of this metal which is commonly used for pro—

peller blades, tests were also made to obtain values of

the static and impact oroperties.
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A sccond purpose of the investigation was to de—
termine whether the endurance limit of the metal was
aprreciladly affected by a large number of cycles of under—
stressing or by anodizing the surface. The data contained
in t“is’roport are the results of a continuation of the
series of tests reported in reference 1 on X76S—T alloy.
The results of further tests of the X?GS T alloy are also
given in this report,

k-

‘ The tests reported herein were conducted at the
Engircering Experiment Station, University of Illinois,
under the sponsorship of the National Advisory Committec
for Aeronzutics, The Hamilton Standard Propellers
Division of the United Aircraft Corporation cooperated
in the investigation and provided machined specimens for
a nunber of these tests,

Aciimowledgment is nmade to Kr. 0. C. Worley, Hr. G&.

D. Chambliss, and iir, R, L. Brown, Jr. for their assist-—
ance in conducting the research.

HATERIAL AYD METHODS OF TESTING

fynes _of test.— Three types of test .were made on
255—-T aluminum alloy to determine the ordinary meéhanical
properties of the material as well as the fatigue of
strengtiis, These tests may be outlined as follows:

(1) Static tests were made of notched and unnotched
tensile specimens and of unnotched tersion specimens to
determine the strength, stiffness and ductility of the
metal., The term "unnotched" will be used throughout this
report to designate specimens without an abrupt change of
section in ethe portion wund er test.

(2) Impact tests were made of notched and unnotched
tensile’ specimens, and of standard notched Charpy bending
impact specimens, at ordinary roon temperatures. and a2t low
temperatures, to give some indication of the energy ab—
sorbing capacity and of the relative notech ensit1v1tJ of
the material under suddenly applied loads,
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(3) Repeated load (fatiguc) tests were made in
three types of tosting machine, namcly: :

(a) High—speed rotating cantilever beam fatlgue
nachines using (small) 0,40~inch diamoter round specimens

(b) Xrouse rotating cantilever beam fatigue machines
sing specimens 0.26—inch in diameter

(c) Xrouse flat plate fatiguoe machines vhich sub—
Jected recctangular specimens to a vibratory bending ac—
tion without rotating the test pilece.

Both notched and unnotched specimens were tested in the

ribratory bending and the Xrouse cantilever—bean fatigue
nackines; whereas the high—speed rotating beam machines

have been uscd only to determine the endurance linits

of polished unnotched specimens.

laterial and test spocinens.— liost of the tosts hoerein
reported were made on the aluminun alloy that is desig—
nated and sold under the connercial code number 255-T,
The chenical conposition of this alloy was as follows:

Fercent
Qopﬁer‘ | :  _4f28
Iroﬁ' ‘ | .36
Hlanganese - .77
Silicon R
Aluninun Balance

All specimens tested were from the same heat of
netal thaet was hot rolled from a 12— by l2—inch ingot,
to round bars 1 inch in diameter. The bars vere then
given a solution and precipitation hardening heat trent—
nent by holding for 10 hours at 960" I quenching in cold
water, and aging for 10 hours at 340° F. ‘

Several additional tests on X76S—T alloy were also
nade to study the effects of anodizing and of repeated
understressing. The detailed chemical compesition and
heat treatmnent of the X765-T alloy were as follows:
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Rercent

Copper. 0.6
Zinc 7.6
Magneéium 1.6
Hangahese. .5
Titaniun C .1
Tron .5
Siliéon .25
Aluminun -Bglance

All specimens tested werc from the same heat of
metal thht was reduced, by the latest methods of process—
ing, to bars 1 inch square which were subsequently swaged
in a pair of swaging dies to 1 inch diameter round. The
bars were then given a solution and vprecipitation harden—
ing heat treatment: by holding for 10 hours ot 860° F,
quenching in water, and aging for 12 hours at 275° F.

The -details of the specimens used for the ordinary
static tensile tests to determine the physical properties
of the unnotched specimens are shown in figure la, and
the tyre of notched specimen used in the static tensile
test is shown in figure 1b, Three specimens of each of
these two typnes were tested in an Amsler Hydraulic
Universal Testing liachine having a capacity of 50,000
pounds. Additional tests were also made on tensile speci—
riens having the -same nominal diameter as that in figure
la, but haviang an over-~all length of about ll% inches so
that an 8—inch gage length could be employed.

In figure 1c is shown the type of specimen used to
determine the static torsional properties of the naterial.
The tensile impact specimen shown in figure 2a was polished
with To. 00 emergy paper and the diameter of the specimen
near the center was reduced about 0,003 inch less than at
the ends of the 2—-inch gage lengths.

The notched tensile impact specimen shown in figure
2b contained a notch machined with a carefully ground tool
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that was checked for 'accuracy of shape by examining in a
metallurgical microscope at 100X. This notched impact
specimen was geometrically similar to that of the notched
static tensile specimen in figure 1b. The notched bending
specimen used was the standard Charpy impact specimen of
the dimensions shown in figure =2c.

The types of specimen used in the rotating-beam fa—
tigue machines are shown in figure 3 and those tested in
the vibratory bending fatigue machines are shown in fig—
urc 4. Those specimens without abrupt change of section
(32, 3b, and 4a) were all polished longitudinally with No.
00 emery raper and oil to remove tool marks ard circum—
fercntial scratches before testing. All of these speci—
mens were polished by one man to assure uniformity in the
polishing operations. The notched specimens (3¢ and 4b)
were cut with carefully ground tools to assure uniformity
in depth, angle of the V—notch, and radius at the root of
the notch, on all specimens tested. Three faces of the
notched specimen in figure 4b were polished longitudinally,
the root of the notch, and the face containing the notch
were left in the original machined condition.

Mhe rnominal stress in 0ll fatigue specimens was cal-
culated by using the ordinary flexure formula, s = Me/I,
in which s 1is the flexural unit stress (1b/sq in.) N
is the bending moment at the critical test section
(in.,—1b%), ¢ 1is half the depth of the specimen (in.),
and I is the moment of inertia of the net cross—sectional
area (in.*). For those specimens containing notches the
values of stress given in this report are those at the
root of the notch computed by the above formula using the
values of ¢ and I for the minimum cross—sectional area.

The tests of rotating—beam fatigue specimens were
made in two Xrouse, 120 inch—pound capacity, cantilever
machines of .the type shown in figure 5, which were operated
at 6000 rpm. Also employed were four small high—speed
cantilever beam machines of the type shown in figure 6
that were run at 10,000 rpm. The vibratory bending fatigue
tests were made in six Xrouse Flat Plate Fatigue machines
of the type shown in figure 7, which were run at 1750 rpn.

RESULTS OF TESTS

Static tests.— Lower portions of the tensile stress—
strain curves for three unnotched specimens of 255~T alloy
are shown in figure 8 and a typical complete stress—strain
diagram for one of these is shown in figure 9. The results
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of these three static tensile tests on a 2-inch gage
length and of three additional tests on a 8—inch gage
length are tabulated in tadble I. The tensile tests were
carried out in accordance with A.S.T.l. Standard lMethods
for Testing Hetallic laterials, designation E8-36.

For purposes of comparison with the 25S—T alloy the
average properties of X765-T a2lloy as obtained in the
previously reported series of tests have been added to
eachh of the tables giving the results of static or impact
tests, It will be noted in table I that the 255-T alloy
had lower static tensile strengths, but slightly higher
ductlility and modulus of elasticity than the X763--T alloy.

The Brinell hardness, using 500-kilogram ani 10—
mnillimeter ball of the 255-T7 alloy ranged from 192 to 118
in the various specimens tested and averaged about 111,
The X765~T alloy had a higher average hardness, {45 Brinell,
than the other precipitation hardening aluninum gliloys.

The greater portions of the tensile stress strain
curves on notched specimens are shown in figure 10, and
the results of these three individual tests are summarized
in table II along with the corresponding values for X765-T
alloy. The relative ratios of strengths shown in this
table for each metal are of approximately the same magni—
tudes except for the very high ratio of yield strength to
ultinate strength exhibited by the X765-T alloy. The in-—
troduction of a notch in the static tensile specimens of
X765—~T alloy also caused a much greater proportionate loss
in percent elongation than did the same notch in specimens
of 255-T.

Static torsion tests were nmade of three solid speci~—
mens of the type shown in figure lc. The lower portions
of the torque—twist curves for these tests are shown in
figure 11. A summary of the data obtained from these
three tests along with similar data for X765—T alloy is
shown din table III, Here again the yield sirengsn for
X765-T7 alloy was a nuch higher proportion of the wltilnate
strength, as represented by modulus of rupture than Tor
the 255-~T alloy. However, by conparing tables I ovd III
it will be noted that the modulus of rupture of 205-T in
forsion was a greater proportion of its static tensile
strength than was the casce for the X765-T.

[0}

o

Inpact tests.— The tensile impact tests were made

in a standard Charpy machine having a capacilty of 223
foot—pounds equipped with special auxiliary specimen

grips containing spherical seats that were designed to
mininize bending or eccentric loading on the specimen
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during test.- ¢en31len1ﬂpuct tests were made Dboth at

T 00m temnerature (+80° ¥) and at a low temperature
(— 40° F) since it was felt that any change in proper—

- ties of the metal thaet would be 1nduced by low tempera-—
tures. would be.of importance.

Cooling of the specimen to the low temﬂerature was
accomplished by immersing the pendulum, test specimen,
and attached holders in a bath of acetone contained in a
special insulateéd box The entire bath was cooled by

adding dry ice until the desired temporatur voe c¢ubtained
and the bath was then maintained at this temperatare for
at least Tive minutes befors testing the qnccicei, Previ-—

1

ous calidration tests in which readings vere %<«.8% oOn
severnal thermocouples attached to a speclmen inlicated
‘that this was a sufficient interval of time for thicse
small specimens to reasch a uniform temperature e~ual to
that of the bath., In performing the actual test of the
specimen only about 4 secconds elapsed between the re—
moval of the bnx containing the coolant and the actual
fracturing of the specimeén; hence ‘i1t was Telt that the
temperature of the specimen did not chmnge appreciably
Aprevlous to btesting sidce it was surroundea by relatively
heavy masgsses of metal cooled to the samse temperature as
the bath. :

The test data showing the energy required to rupisure
eaenl pecinen tested and the ‘average values obtalnea for
each groun of specimens are shown in table IV for ‘the
tests at +80° F, and in table V for the tests at —40° F.
For nurposes of comparison one may ‘regard the erergy re—
quired to rupture the unnotched spec1mens (colunn 3) as
indicative of the impact strength, and the perceniage of
elongation and reduction of area (columns 6 and ) as
neasures of the ductility .of the material under these
conditions of testing. A ratio of the values obta wned.
for notched specimens to*those for unnotched specimens
civen in columns 5 and 8 gives a rough measure of the
notch sensitivity of the metal under rapid loading.

For o rough comparimson with the values of 255-T
alloy listed in tadles IV and V there is-included a new.
set of data for X7656~T alloy tested under the same con-—
ditions. (ihe previously reported tensile impact tests
of unnotched specimeuns of X765-T alloy were made on

pecimens 0,25 inch diameter instead of 0.20 inch diame—
ter, ne in the present tests.) (Sée reference 1.) It
nay be seen that the 258-—m alloy sp901mens required more
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energy to rupture than those of the X765—T alloy. The
ratio of energy absorbed by the notched specimens to

that for the unnotched specimens was also greater for the
265—T alloy indicating that this metal was somewhat less
sensitive to the damaging effects of a notch than was the
A765~T alloy. : -

The average energy absorbed by all specimens of
255—T7 tested at +80° F (see columns 3 and 4 of table IV)
was Ddelow that for the specimens tested 2% —40 F; how—
ever, the X765-T alloy showed no appreciable change in
energy abdsorbing properties over this range of tempera—
tures. A comparison of the average values listed in
tables IV and V therefore leads to the conclusion that
the 255~T exhibited practically the same ductility and
notch sensitivity and slightly greater energy absorbing
capacity in the tensile impact tests at —40° F as it did
at roowl temperature.

Yhe results of a series of notched bar Charpy bend-
ing tests 2t temperatures ranging from +70° F to —70° F
are shown in table VI. The Charpy specimens of 255-—T
alloy exhibited practically the same energy absorbing
capacity at —40° F as at room temperature. However,
there was a pronounced drop in energy absorption by the
25STT specimens vhen the temperature was dronped to
—-70° 7.

A comparative picture of the results of some of the
above impact tests is shown in figure 12. Perhaps the
nost interesting feature shown in table VI and figure 12
is the fuact that the 258-~T specimens absorbed from three
to four times as much energy as the X76S—7T alloy in the
Chorpy bending impact tests. Even though the X765—T had
a auch greater tensile strength than 255—T7 it therefore
exhibited a nmuch lower strength for a service condition
in vhich a notched menber would be required to withstand
a relatively rapid or impact loading. TFigure 12 also in—
dicates that all of the uverage tensile inmpact properties
of 255-T were slightly sunerior to those of X765-T.

Repeated load tests for completely reversed bending.—
The results of the rotating—bean fatigue tests of unnotched
specimens of 258~T alloy are shown in the S—I curves of
figures 13 and 14, Thesc figures ‘incilude data from two
different types of testing machine operated at different
speeds, Figure 15 shows the results of tests of rectanguloer
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specinens of 265-T in the vibratory bending Tatigue nma- .
chiney, vhich tosts wore nade at the rate of 175C cyclos

per-minute.  The endurance limits oif thesc groups of un— .
notched molished speocinens have beon scaled as the ordi~ .

nates to the S5 curves at 10 n1illion, 100 nillion, and
500 nillion couploetely roverscd cycles of stress and are

listed in table VII., The endursnce linits for the vi-
bratory bending tests have not been carriced out to 500
‘"nillion cyecles of stress becauso of the OKCC”five-tiﬁo
reguired to run theso nachines to such =2.largce nunbor. of
cycles; about seven zonths tine would b “rogquired o run
one speccinen to 500 million cyclis

A mparison of the endurance l””tu 1lstcd in tavle
VII for lOO nillion cycles of strecss indicates thot the

differences in values obtained from uhp thre‘ types of
testing machine were not great and thet these differcences
are consistont with the variations comnmonly obtained from

fatisue test sults. Test results of several investipgn—
tors h=ve inaicated thnt small swecimens ¢of o f1etal often s
exhibit o higher endurance limit than that obtained fron s
tests o Larger specimens.  Alasb several zroups of tests
c tlor wibratory bending specimens of steels, ‘
annl wvhich are presented in reference 2, results .
in slightly lower endurance limits as compared with-those

obtoined Tor round specimens tested as rotating benms,

It will De cbserved thnat the endurance limit of 16,000
pounds »mer square inch Tor the rectangular specinmen,

based uwpon 100 million cycles of stressc, woe only 1000 to
20C0 pounds per SQu“re inch below the values obtained fron
the rotating bean tests, o

In the previous report on X765--T allory it was found
that the rectangular tyrce svecinmen of this metal had an
onduruncc 1imit of only lo,oOO »ounds per square inchy
vheras the onuur=nce limit of three tyres of round speci—
men varied fron ,000 to 24,000 pounds ner sgunre inch,

o definite eﬂmldn 2bion Tor this grent decrense in strength
of the rectangular specimens of X765—T alloy has been

found, Three subsoccuent tests of X763~T olloy were mnde .
with swvecimens that had the shmry wrojecting corners :
rounded nnd polished to 1/16—inch radius, One of those

specinens tested ot 22,000 pounds ver square inch ran ocvor !
100 nillion cycles without fracturej; wherens, the other two -

specimens tested at 25,000 and 26,000 pounds per sguare
inch Tailed at only about 300,000 cycles which was slight—
ly short oif the normal S5--¥ curve ror the rest of ithe
rectrngular specimens. This scatter of datn, together with
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with that obtained in the original tests of the rectangu—
lar snecimens of X765-T, tends to indicate that there may
have Deen mechanical defects such as inclusions or high
residunl stress present near the surface of the original
bar stock. If such defects were present they would have

a tendencr to decrease the fatigue strength of the (larger)
rectangular specimens more than they would in the case of
the small round specimens.

In the lower portion of figure 13 is plotted the S—N
curve for the rotating beam specimens of 255-T with a V-
notch., 3y scaling the ordinates at 100 nillion cycles of
stress the values of the endurance limits were obtained
as 19,000 pounds per square inch for the unnotched speci—
mens, and about 10,0C0 pounds per sguare inch for the
notched specimens. 3By using the ratio of these two en—
durance linits as a measure of the factor of stress con—
centration k caused by the notch, a value of k = 1.9
is found. However, if this calculation is based on the
ondurance linit at 500 million cycles of stress a value
of Iz = 18,500 1.55 is found. These valucs indicate

10,000 ,

thot the "notch sensitivity" of ‘the ESS~T‘allby was small—
er than that of X765-T for which alloy a value of
22,000 |

9,000

k =

= 2.44 was obtained at 100 million cycles of

stress under the same conditions.

gure 15 is shown the SN curve for the rectangu—
ory bending specimens of 255-T with a V-noteh
er completely reverscd cycles of stress. Here

pparent stress concentration factor at 100

In £1
lar vibrat
tested und
again the
million cycles of stress was k = léiggg = 2.4.. This

N 7,500 4
value is slightly-higher than the value of k = 2,2 ob—
tained under the sane conditions - for the X76S5-T alloy.
Howevecr, in this latter case¢ it is felt that the reason
for the lower walue of %k for the X765-T alloy was due
prinarily to the abnormally low value of endurance linit
that was obtained for the unnotched rectangular specimens.
In foct, the notched rectangular specimens of 255~T and
of X765~ heod exactly the same sndurance 1limit at 100
million cycles of stress even though the statvtic tensile
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strength and rotating vean endurance limits of ‘polished
specinens of X7585-T were greater than those of the 255-T
allory, i.oreover, the notched rotat;Jb bea.: specimens of

255~0 1nd a slightly higher ‘endurance limit (10,000 1b/sq in.)
than did those of the X765~T alloy (9,000 1v/sq.in.).

Frrther fatigue tests were made of rotating bean
specimens treated by Hanilton Standard Propellers Company
to ctudy the effects of anodizing the surface of these
two alloys, The results of these tests are shown in the
S curves of figures 14 and 16. It will be observed that
the 8= curve for the 255-T alloy was practically unaf-—
fected by anodizing; whereas the data for the ancdizing
X765~T in figure 186 showed considerable scatter but indi-
cated a strengthening cffect that raised the erdurance
linit about 3000 pounds per squarc inck to a value of
25,000 pounds per square inch at 500 nillion cycles of
stress, Hence, it nay be concluded that the surface ef—
fects p*oﬂuced by arodizing did not lower the fatigue
strengtll below that of npolished snecimens, and nay actu—
all:; prove beneficial for sonec tynes of alloys.,

Effects of range of stre°" on_ endurance linits of
notched rectangular specinmens.— To study the ciTect of range of
stross on the endurance linit of specimens with a V-noteh,
tests werc aade in the vibratory bonding mnachines with
speeiriens subjected to o mean or steady stress on which
was sunecrimposed a completelr reversecd altor“atinm stress,
Six aiffercnt ondurance limits were determined corrcspond—
ing to three different ranges in which the mean giress_al
the root of the notch was a tonsile stress, two ranges: in
which the mc n stress was compressive stress, and one range
in vhicn_tme Gean stress was zero (completely reversed
stress ‘crcle).

The S--Il curves for stress cycles in waich the mean
stress at tlhre notech was a ten 31]e stress are shown in
figure 17, and the S5-I curve ror the compleftely reversed
stresé¢ .cvcle 1is shown in the lower portion of figure 15,
The endurance- limits for these four stress cycles have
beern obtained by scaling the ordineates to tie S—II curves
at 100 million cycles of stréss and these values are
shown ir tadle VIII for 265-T, ‘

- For the two ranges in which the mean or steady stresos
at the notch was a compressive stress the specinens de—
veloped cracla at the root of the notch bdbut did not com—
pletely fracture even though subjected to a large number
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of cycles of superimposed alternating stress. Photo—
graphs of some of these cracks showing views looking down
into the notch are presented in figure 18, The small
dark areas in these figures are regions where small pileces
of metal have cracked out and spalled off, but this spall-
ing occurred only for specimens tested at relatively high
stresses, : .

, For specimens tested at lower stresses the cracks
formed were very small and could not be seen without the
aid of a low power mieroscope. Hence the fatigue test
data could not be interpretéd in the usual manner by
plotting S—N diagrams based on fracture of the specimen
and no definite indications of failure of a specimen were
evident except for the microscopic cracking at the notch.
Consequently it was decided to assume arbitrarily that
cracks that could be seen, with a 40X microscope consti-
tuted failure of 4 specimen. The endurance limits$ were
thus obtained by plotting in figure 19 the approximate
number of cyéles at which the first cracks were visible
with the low power microscope. The values of endurance
limit for 255—~T determined in this manner for the two
compressive stress cycles are listed in table VIII.

The efrfect of the range of stress on the endurance
linits of the V—notch specimens of 255—T alloy is i1llus—
trated in the modified Goodman diagram of figure 20 on
which nre plotted the data of table VIII. On this dia—
gram the ordinates represent the minimun stress (Spyp)
and the maximum stress (Spay) of the stress cycle and the

abscissas represent the corresponding mean stress (alge—
braic average of Spip and Sp,y). For any given mean
stress the algebraic difference between Snax and Spin
represents the total range or double amplitude of the
superimposed alternating stress that will cause failure
after approximately 100 million cycles of stress.

It will be observed that as the algebraic value of
the mean stress in the cycle was decreased from g large
tensile (+) stress to zero and thence to a compressive
(=) stress, an appreciable incrense occurred in the total
alternating range of stress required to cause failure.
This is shown more definitely by the curve in Tigure 21
in wvhich the ordimates indicate the total alternating
stress range (Smax*smin>' and the abscissad represent the
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corresponding an stress in ench cycle. The data previ-—
ously obtained in tests of 1=~88 are also plotited in figure
21 7or direct comparison with the 355-T allorr.

Considering these data and the fact that no frac—
tures occurred in the soecimens tested with compressive
menn stresses at the notch, it i% evident that both alloyn
can withstand censiderably greater magnitudes of superin—
poscl alternating stresses when the mean stress is de—

crcasod from a tensile to a

ccmpreselve stress,

fect of reveatcd understressing on _the FTatigue
h.— Two types of test were made in the rFotating

bean nmachines to.determine the effect procduced on the fo—
tigue strength of these two aluminum alloys D repeated
cveles of understressing or stresses below the eondura nce
llmlt. These tests may be briefly-outlined as follows:

(n) Tests in which a group of srecimens were sub-—
jected to 100 million completely reversed cycles of a
siven stross below the normal S-I curve, =«nd the endur—
anco linit of the group of snecimens then determined In
the usurl manner. This serics of tests will be rcforred
to as "orestress tests." o

(o) Toests in which o specimen was storted at a stross
somcwhaot below the endurance limit and the magnitude of
stress was increascd by o small increment cach time the

4

been

specinien had subjected to

a

definite

nunber of com—

pletely reversed cycles of stross., Thoe .increments of
both strecs and numdber of CycloS'employcu in the tests”
vore varied somewhat, but in many cases the stress was
increased vy 2000 pounds rer squarc inch each time the
spocimen had beon subjeeted to 100 million cycles of
stress, These tests of individual specimens will be re-—
“erred to as the "step—up! tests. '

The results of the prestress tests cof 255-T alloey
we Slotted in the S—I diagrom of Jig re 22 The indi-
viduwol plotted pnoints in this figure 101 the final
stress ond number of cycles for falluze 07 a specimen
after beings originally prestrescsed at stresses of 15,000,

16,500, or 18,500 pounds per sqguare inch. Alsc chown
are the i oints obtained for tests of spec imens without
nrestressingy that is. the open circles show ;omnts that
were nreviously plotted in the lower half of figure 14
to webternine the normal 3= curve for 255-T, The broken
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curves outline the scatter band obtained in tests of the
unprestressed metal, and it will be observed that prac-—
tically 2ll of the nrestress test results fall within
this band. Hence, it may be concluded that the pre—
stressing employed (for 100 million cycles) had no effect
on the fati gue strength of the 265—T alloy.

Figure 23 shows the results of the prestress tests
of X765—T in a somewhat  similar manner. In this case,
however, the results are compared with the normal S—II
curve for the X765—~T alloy as troced directly from the
curve shown in the lower portion of figure 16 for the un—
prestressed metal, Since thoe scatier tand for the un—
treated X765—T was rather norrow, thu i;ia of figure 23
indicate that the fatigue stz ™ - IYei~T was increased
a small amount by the prestr g empLoaedn The endur—
ance limit at 500 million c':ie of stress was apparently
increoased about 2000 vpounds per square inch by pre—
stressing at 20,000 mounds per sguare inch and was in—
creased zbout 1000 pounds per square inch by prestressing
2t 21,000 pounds per square inch. These effects.are
‘rather small, but in general most of the specimens of
X765—T that were prestressed ran for o considerably
grester number of cycles before fracture than would be
indicated Dby the normal S—I curve for the unprestressed
metal. ;

The results obtained from the step—up tests of in—
dividuszl specimens are shown in table IX for both the
255—T and X76S-T alloys. As may be expected these re—
sulte of fatigue tests of individudl:specimens showed
considerable scatter in the number of cycles sustained
by = specimen before fracture.

The data in table IX for the step—up tests of un—
notcned specimens of 255-T 1lov have been plotted in

figure 24 along with the normal S—N curve for the metal
(which was nreviously shown in fig. 14). The open

circles at the lower ends of the vertical lines in figure
24 represent the magnitudes of stress at which each speci—
men was first started, and the increments of increase in
stress (after each 100 million Cycles) are shown by the
bars crossing these vertical lines. The points plotted
with so0lid symbols indicate the maxinum stress before
fracture and the number of cycles ot the maximum stress

required to produce frﬂcture. The open symbols plotted
on the right hand side reprosent the total number of

cyecles of stress resisted by the specimen during the en—
tire test.
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It will be observed that the total nunder of cvecles
0¥ stress custained by each 255—T specimen in the step—up

tests woe much greater than had been o0btained from tests
of the normnal metal when tested only at o constant stress
having » nagnitude equnl to the maxinmum stress reached
during thie step—up tests. On the other mand the life of
nearly evory step—up specimen ~fter the maxinum stress
had been reached was somewhat smaller thoan had been ob—
tained for the normal S-N curve. The fact that five of
the specinmens failed at 20,000 pounds per square inch
vould indicote that the large nunber of cycles of previ-—
ous understress had danaged these specimens a slight
arnount siance the netal would normally have run a full 100
nillion cycles at this stress witihout fracture.

Eowever, when tlre dato in tabdble IX Tfor the step-up
tests of the three notcied specimens of 255-T are compared
withr the S—¥ curve plotted for the unprestressed netal in
the lower Lalf of figure 13, it is found that these throe
specimens ran for about the same nunber of cycles (at the
maxinun sdress) as the unprestressed specinens, EHence
the fatigue properties of the notched specimens of 265-T
appénred to be unaffected -ty the understressing process,

As 2 result of all the step—up tests it was concluded

that in general this tywe of understressing had no con—
sistent effect in eifther raising or lowering the number

of crcles which a specimen could withstand at the maximun
stress Dberore failure, 3By disregarding the previous
stress history and plotting only the numder of crcles at
the maxinun siress, the points usually fall within the
scaetter band for the unprestressed metal though there is
a teundency for nmore scatter of results to be obtained by
the step—up nethod of test, )

DISCUSSION OF RESULTS

Ferhaps the most important results of the tests are
" thoese showing the effects of Pange of stress on the en—
durance 1inits of notched specimens as presented in table
VIII and in figure 21. When sudjected to a service condi-
tion such o8 that in an airplane propeller, where the

face o the Dlade is often scratched or notched by stones
strilziang fthe blade, the Tatigue strength of the metal in

a notched condition is of prinmary inportance. HNoreover,
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the stressecs developed in a propeller bdlade vary over a
rather w1de range depending on the service condition,

In general, the results of the fatigue tests with
notched specimens indicated that both alloys could with—
stand a greater alternating stress range without the
Tornation of fatigue cracks when the mean stress in the
cycle was changed from a tonsile to a compressive stress.
In addition, the fatigue cracks developed at the root
of @« notch did not spread rapidly when the mean stress
wa® conpressive, and no complete fractures of the speci—

ieas vere obtained even when stresses sonewhat above
thos required to produce cracking were repeated 100

2illiorn tines, Thus if a notched member made of this
netal were designed to owmerate with the nean stress at
the notch a compressive stress, an additional factor of
safety against conplete fracture would exist; any fatigue
cracizing at the notch could probadbly be detected by peri-—
odic inspections long before the cracking had developed
to a dangerous extent.

It is interesting to note that the X76S—T alloy was
anuch stronger in static tension and had a higher flexural
Tatigue strength, as obtained from unnotched specilnens,

han thie 283-T alunminunm allor. However, the X76S5—T alloy
exhibited a fairly high notch sensitivity as indicated by
the reduction of fatigue and inpact strengths of notched
speciacns below those of the nolished unnotched specimens
When the data previously obtained for notched X765—-T alloy
specinens were conpared with the values listed in table
VIII, it wos found that the alternating stress range which
could be resisted without failure was exactly the same for
both alloys if the nean stress in the range was either
zero or a conpressive stréss. However, as shown in figure
2l, the 255~T alloy resisted a greater range of alternat—
ing stress than did the X76S—7 alloy when the nean stress
wes increased in temsion, Consequently, the 255-T alloy
should be able to resist slightly greater vibratory
stresses in a notched propeller blade,where the mean
stress is a tensile stress, than the X785—T alloy, even
though the latter alloxr eXlelted greater strength 1n the
fatigue tests of unnotchied specimens,

dnother factor of interest was the change in shape
of the S~ curves as the ranpe of stress was varied. By
comparing the S—N curves for the notched specimens in
Tigure 15 with those in figures 17 and 19 it will be
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observed that:

(a) For tecsts with a comprcssive mean stress the
curves are very steep and are fairly straicght.

(b) For completely reversed stress the trend of the
curve is somewhat flatter and approaches a horizontal
asymptote after a large number of cycles.

(c) As the mean stress was gradually increased in
tension the curves became very flat and tended to reach
a fairly definite horizontal asymptote at at'relatively
small numnber of cycles in somewhat similar manner to the
typical S5—N curves for steels,

Therefore it 1s felt that the endurance limits listed for
the notched specimens and based on 100 million cycles of
stress would not have been decreased appreciably if the
tests had been continued to 500 million cycles of stress,
even though the endurance limits scaled from the 5-H
curves of wnnotched specimens of 255-T d4id show a pro—
nounced drop bvetween 100 and 50C million cycles of com—
pletely reversed stress. This fact may also have direct
application in helping to determine the useful. life of
aluminum allovs in service. . Thus for notched mecabers
subjected to a tensile mean stress and subjected to vi—
bratory stresses somewhat below the endurance limit as
determined fron a test run to a relatively small number -
of cycles, say 100 million, it would appear likely that
such stresses could bYe repeated almost indefinitely with-—
out Tailure of the members. ‘

4 comparison of the endurance limits of the various
‘unnotched specimens (see last column, table VII) indicates
‘there was little or no effect of speed of testing within
the range of speeds used in the tests. The differences
in numerical values of the endurance linits may be ac—
counted for by small differences in the behavior of the
three tyres of testing machine, and by slight variations

in different bars of the same metal,

The results of the prestressing and the step—up tests
of these two aluminum alloys were not conclusive in indi-—
cating that either a strengthening or a wealiening effect

- was produced by repeated cycles of stress helow the en—
durance limits listed. The prestress tests of X765-T
did indicate that a slight strengthening effcct: was pro—,
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ducnd; whiercas the step—up tests of 255-T nroduced a
slight 'decrease in 1life of unnotched specimens, and the
other tests in general fell obout in the normal range
for unprestressed metal, Hence, the results may be ac—

cepbed no evidence that no cousistont or appreciabdle
change in fatigue strength was nroduced in these alloys
by repeated cycles of understress. However, the large
nunber of cycles of stress developed in understressing
ench specimen during the step—up tests may have had a
tendency to cause any microscopic defects present in a
specimen to open up, and thus result in more scatter of
the.final test data. '

Yhe Tfact that the fatigue strength of the anodized
specimens wds as great, or slightly greater, than that
of untreated specimens should make this method of surface
treatment very useful for aluminum alloy members in use
on naval alrcraft since anodizing is also reported to
have increased the resistance of aluminunm alloys to
pitting produced by salt water spray.

A photoelastic test was made to check the theoreti—
cal stress ot the root of the notch in the rectangular
vibratory bending specimen shown in figuré 4b. This
test wus made on a schle model of bakelite three times

he size of the prototype. A4As a result of the photoelas—
tic ctress analysis it was found that the theoretical
stress over a small arca ot the root of the notch was an—
proximately three times the nominal flexural stress-cal—
culated for this section. C
Thre value of the stress concentration factor for the

otech in the roctangular vibratory bending specimens was
therefore 3,0 from the nhotoelastic analysis; whereas,
a velue of 2,40 was oDitained from the fatigue tests of
205-T subjected to completely reversed stress. These
numericnl values give an indication of the relative notch
sensitivity of the metal to the damaging effects of-a
notch. )

CO¥CLUS I0uS

As a result of the dnta obtained in this series of
tests the following conclusions were Tormulated regarding
the mechanical strength properties of these two aluminum
alloys:
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1. The static elastic and ultimate strengths and
Brinnell hardness of 255<T alloy were somewhat lower than
the corresponding values For X765~T alloy.

2. Tho percentage elongation and reduction of ar
and the modulus of elusticity of 265-T, were slightly
greater than the corresponding values for X7865-T.

ea,

%, The tensile yield strength at 0.05 percent offset.
of the X765-T alloy was approxzimately 0.2 of its ultimate
strength and was therefore exceptionally hizh as compared
with the corresponding valve of most dunctile materials,
The yield strength of 255-T alloy was 0.6 of the ultinate.

4. Tension and bending impact tests at low tempera—
tures indicatoed that the percentage elongation and reduc—
tion of area and the energy absorbed by these two metals
were not materianlly affected by =2 large drop in the tem—
verature of testing below room tenperature. The 255-T
alloy exhibited greater ductility and energy absorting
capacity and a smaller notch sensitivity in these impact
tests than did the X765-0 alloy. '

5, -In the tension impact tests of both metals, a V-
notch with C.Cl inch radius at the root caused large -de—
creases in elongation in 2 inches, and in the energy
required for rupture. ‘

6. Tests of polished specimens of 255—T subjected %o
convletely reversed stress cycles 'on three different tyves
of testing machine and operating at speeds varying fron
1750 to 1G,000 rpm, gave endurance limits ranging from
18,00C to 20,500 pounds per square inch at 190 nillion
cycles of stress, Hence there was no appreclable change
in the endurance 1limit under these conditions as the
speed of testing was waried fronm 1750 to 10,000 rpnm.

7. The introduction of a V—notch in the test section
decreased the fatigue strength of the 265-T alloy for
completely reverced cycles of stress to between 42 and
61 percent of the strength of unnotched specimens, de—
pending somewhat on the shape of the member tested.

3. Considering a range of stress to be composed of &
steady siress and a superimposed alternating stroess, it
was found that as the mean or stcady stress at the notch



NACA Technical ¥Note No., 914 21

was decreased from a tensile (+) stress to -a compressive
(~) stress the total range of alternating stress that
could be resisted Dy the notched specimens of 255-T7 with—
out causing failurec gradually increasecd from a range of
12,000 pounds per square. inch for a tensile ncan stress
of 16,000 to a range of 17,000 pounds per square inch for
a conpressive mean stress of 8500 pounds per square inch,

9., Tests of notched specimens in which the range of
stress was varied indicated that .for a given number of
cycles the 255-~T alloy could resist a greater range of al-
terrating stress than the X765—T alloy when the mean
stress in the cycle was a .tensile stress, When the mean
stress was a compressive stress there was. practically no
difiereace between the endurance limits of notched speci—
mens of tnose two alloys, ‘

10, Step—up and prestre" . tests .of both 255-—T and
X?SS—T_alloysllndlcated that the large number of cycles
of understressing developed in the previous stress history
of these alloys had no appreciable or consistent effect
in elthe¢r raising or lowering their endurapce limits.

i

11l. Ancdizing the surface of specimens of these two
alloys produced no change in fatigue strength of the
255-% alloy, but produced a slight increase in the fa—
tigue strength of the X765-1 alloy. )

Engineering Experlnent S*atlon
University of Illinois,
Urbvana, Ill., June 8, 1043.
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TABLE IIT,— STATIC TORSION TESTS OF 255-T ALLOY

[Gage length 2 in, on 0,56 in. diam. specimen shown in fig. lecl

Values
Specimen S—6 S~104A 5—-103B | Average | for alloy
X7635-T
Yield strength, (1b/sq in.)
0.05 percent offset 22,400 | 22,400 | 23,100 | 22,600 | 39,500
C.20 percent offset 25,800, 25,000 | 26,100 | 26,000 | ———
Modulus of rupture
(1b/sq in.) 2,800 | 52,300 | 52,800 | 52,600 {63,600
Modulus of elasticity .
(1000 1b/sq in.) 4,090 4,150 ! 4,020 4,100 | 4,060
Ratio:
Yield strength (0.05% offset)l 0.423 0.428 0.438 ©.,430 0.621
Kodulus of rupture
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- TABLE VI.— CHARPY BENDING. IMPACT TESTS 255-T ALLOY ..

[Using V—notch s?ocimen_shown-in figure 2c]

Specimen -Test temp. 4 Energy ebsorbed, Comparative
' (°r) (ft—1Db) values for X768—T’
— ‘ alloy (ft—1b)
124 70 63.3
114 7o - 22.1
128 | 70 38.2
11x 70 _28.3_
Average = 38.0 . 9.1
11B 30 29.0
12¢ 30 51.6
110 50 _38.2_
Average = 39,6 9.1
1232 ~-40 . 53.4 ‘
11D —40 25.8
118 —40 24,1 ]
12E —40 23.5
| Average = 36,7 12.38
117 =70 13.8
116G —=70 20.7
12F —70 27 .6 8.8

Average = 22.4
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TABLE VII.— ENDURANCE LIMITS OF ‘UNNOTCHED SPECIMENS OF

055—T ALLOY WITE COMPLETELY REVERSED STRESS CYCLE

Machine Shape of |Depth of | Endurance Limits(1b/eq in,)
: specimen specimen forp for for
at test, at test 107cycles | 10%cycles | B x 108
section section : cycles
(in.)
Rotating cantilever : ,
bean (see fig. 3a)| round 0.26 24,000 | 19,000 {16,500
Rotating cantilever o
bean (see fig. 3b)| round .14 27,000 20,500 {17,500
Vibratory bending
(see Tig. 4a) rectangiular .25 22,000 18,000 |————
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0F STRESS O ENDURANCE LIMITS OF

EFFECT OF RAYGE
100 MILLION CYCLES OF STRESS*

DTABLE VIII,—
255~T ALLOY AT

T

TOTCHED SPECINENS OF

Haximun Minimun Hean stress| Total al—
Tyne of stress stress stress in cycles ternating
varistion in cyele,| in cycle,] (1b/sq in.) stress
(1b/sq in.)! (1b/sq in.) range
Smax Smin (1v/sq in.)
Smax—Smin
gero to manimun in
compression 0 -17,000 —8,500 17,000
+4,000 (1b/sa in.) to
naximun in com—
pression +4,000 -12,000 ~4,000 16,000
Completely reversed +7,500 - 7,500 0 15,000
Zero to marinun in
tension +13,500 0 +6,750 13,5060
+5,000 (1b/sa in.) to
maximun iIn tension +18,0C0 +5,000 +11,500 13,000
+10,000 (1b/sg¢ in.)to
mazimum in tension +22,00C +10,000 +16,000 12,000

minus stresses are compression.

*Plus stresses are tensiony
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TABLE 'IX.— RESULTS or s ZP-UP D3ST3
— e - - , S . ‘ —
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,i | ; '(millions )] failure nun ;orun
! : ! (1b/sqgn) stres &(ail—\
I i : (wllllons)ﬁlions,
258-7 alloy, unnotched 0.14 in, dianm. swecimens
03 10,CCC [: 2000 T‘ 1C0 22,000 2.8 | S84
123 . 14,000 | 2000 100 2C,C00 94.0 . 405
T43 15,CC0C 2000 100 23,000 18.5 i 42U
753 16,000 ! 2050 1600 20,000 92.0 ;o 2nR
40 bo15,0C00 i 2000 100 20,000 41,9 ; 278
! | |
102 14,320¢C i 100G 10¢C 20,000 i 2.9 430
TZC 17,000 i 1000 100 20,000 ! 43,5 bzio
i l ! ! | B
258—0 alloy, notched 0,30 in.diam. spccimens
T » ] i
i i ‘ , , ‘
RUZ | 4,000 2000 | 100 12,000 | 1.4 409
avil | o5,00c 2000 | 100 11,000 - |  31.6 o4
RW10 | 7,000 l 10C0 | 100 14,000 0.9 RET
i | | '
| B
! L | N . .
a725=7 alloy, unnotched 0,14 in.dian, Specimens
E73 15,080 ! 2CC0 10C 24,000 20,7 ( 300
B7A 26,600 1G00 ' 1G0 26,C0C 24,7 G4C
254 21,000 1000 160 25,000 64.3 228
4765-~7 alloy, mnotched 0,30 in, diam. speccimens
- , : —_
» ! !
RS8ULL 3,000 1000 100 [ 11,C0C 82.8 | 380
ROBUS &,000 10C0 50 10,CC0 6.0 113
RCBHG 4,000 10C0 i0 | 11,C00 3.4 101
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Figure 6.— 8mall high speed fatigue testing machine.

Figure 7.— Krouse flat plate fatigue testing machine.
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FIG. 9 STATIG TENSILE TEST-—25ST ALLOY

SPECIMEN NO. 25-T|
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NACA Technical Note No. 914 Figs. 12,13
FlG. 12
RESULTS OF TENSION AND BENDING IMPACT TESTS

Legend :
B 2557 ALLov TESTS AT ROOM TEMP. TESTS AT -40°F
/7] XT6ST ALLOY O 10 20 30 4 sl 0 10 20 30 40 350
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5 |
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g %
w
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NACA Technical Note No.J14 rig. 18

(a) After 18 million cycles of stress; range from +4000 to
-16000 1b/eq in.

(b) After 36 million cycles of stressj range from +4000 to
~14000 1b/sq in.

(o) After 64 million oycles of stress; range from O to
-17500 1b/sq in.

Figure 18.— Cracks formed at root of notch in specimens of
258-T alloy tested in compressive stress cycles.
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Figs. 21,22
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